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SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a divisional of U.S. patent application
Ser. No. 13/396,129, filed Feb. 14, 2012, which is a divisional
of U.S. patent application Ser. No. 12/545,469, filed August
21, 2009, now U.S. Pat. No. 8,212,300, which in turn is a
continuation of prior International Patent Application No.
PCT/IP2007/053138, filed Feb. 21, 2007, the entire contents
of which are incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a semi-
conductor device including a ferroelectric capacitor config-
ured by sandwiching a ferroelectric film between a pair of
electrodes and to a method for manufacturing the semicon-
ductor device.

BACKGROUND

In recent years, development has been progressed for
memories including a ferroelectric capacitor which stores
information using the hysteresis characteristic of a ferroelec-
tric material (Ferroelectric Random Access Memory: herein-
after referred to as “FeRAM”). A FeRAM is a nonvolatile
memory in which information is not erased even after power
is turned off, and has excellent characteristics of achieving
high integration, high speed driving, high durability, and low
power consumption.

As a ferroelectric film material of a ferroelectric capacitor,
mainly used is a ferroelectric oxide having the perovskite
crystal structure such as PZT (Pb(Zr,Ti)O;) or SBT
(SrBi,Ta,0,) whose residual polarization amount is large.
The residual polarization amounts of these ferroelectric
oxides are approximately 10 to 30 pC/cm?.

FIG. 1 is a schematic view depicting an example of a
semiconductor device having a conventional ferroelectric
capacitor. A semiconductor substrate 10 is separated into
multiple element regions by an element isolation film 11. A
transistor T and other elements, which constitute an elec-
tronic circuit, are formed in each element region.

The transistor T includes a pair of high concentration impu-
rity regions (source/drain) 18 each of which is formed by
selectively injecting an impurity into the semiconductor sub-
strate 10, a gate insulating film (unillustrated) formed on a
region between the pair of these high concentration impurity
regions 18, and a gate electrode 14 formed on the gate insu-
lating film. A stopper layer 20 is formed on the semiconductor
substrate 10. This stopper layer 20 covers the transistor T and
the element isolation film 11. In addition, a first interlayer
insulating film 21 is formed on the stopper layer 20. A W
(tungsten) plug 22 is formed in this interlayer insulating film
21, and the W plug 22 reaches one of the high concentration
impurity regions 18 of the transistor T from the upper surface
of the interlayer insulating film 21.

A ferroelectric capacitor 30 is formed on the interlayer
insulating film 21, and has a structure in which a lower elec-
trode 264, a ferroelectric film 27, and an upper electrode 28a
are stacked in this order from the bottom. This ferroelectric
capacitor 30 is covered with a second interlayer insulating
film 31 formed on the first interlayer insulating film 21.

Wirings 37 of a first wiring layer are formed on the second
interlayer insulating film 31. One of these wirings 37 is elec-
trically connected to the upper electrode 28a through a W
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plug 33a extending from the upper surface of the interlayer
insulating film 31 and being connected to the upper electrode
28a of the ferroelectric capacitor 30. Another wiring 37 is
electrically connected to the lower electrode 26a through a W
plug 335 extending from the upper surface of the interlayer
insulating film 31 and being connected to the lower electrode
26a of the ferroelectric capacitor 30. Still another wiring 37 is
electrically connected to the W plug 22 through the W plug
33c¢ penetrating the interlayer insulating film 31 in a vertical
direction.

A third interlayer insulating film 40 is formed on the wir-
ings 37 of the first wiring layer and the second interlayer
insulating film 31. Wirings 42 of a second wiring layer are
formed on this third interlayer insulating film 40. Some pre-
determined ones of these wirings 42 are each electrically
connected to the wirings 37 of the first wiring layer through a
W plug 41 penetrating the interlayer insulating film 40 in the
vertical direction.

A fourth interlayer insulating film 46 is formed on the
wirings 42 of the second wiring layer and the third interlayer
insulating film 40. Wirings 48 of a third wiring layer and a
terminal 49 are formed on this fourth interlayer insulating
film 46. A predetermined one of the wirings 48 of the third
wiring layer is electrically connected to the wiring 42 of the
second wiring layer through a W plug 47 penetrating the
interlayer insulating film 46 in the vertical direction.

On the wirings 48 of the third wiring layer and the fourth
interlayer insulating film 46, a first passivation film 51, a
second passivation film 52, and a protection film are formed
in this order from the bottom. Then, the first passivation film
51, the second passivation film 52, and the protection film 53,
which are formed on the terminal 49, are selectively removed
to expose the surface of the terminal 49.

As depicted in this FIG. 1, conventionally, the high con-
centration impurity region 18 of the transistor T and the
wiring 37 of the first wiring layer are connected to each other
through the two W plugs 22 and 33¢, which are lined up in the
vertical direction. This configuration is employed because:
the two interlayer insulating films 21 and 31 are present
between the wiring 37 of the first wiring layer and the high
concentration impurity region 18; the wiring 37 of the first
wiring layer and the high concentration impurity region 18
has such a long distance therebetween; so that long-time
etching needs to be performed to form a contact hole extend-
ing from the upper surface of the interlayer insulating film 31
and reaching the high concentration impurity region 18; and
such long-time etching may badly damage the ferroelectric
capacitor 30. In short, with the long etching time, character-
istic of the ferroelectric capacitor 30 deteriorates by receiving
plasma damages. In addition, if contact holes respectively
reaching the upper electrode 28a and the lower electrode 26a
and a contact hole reaching the high concentration impurity
region 18 are formed simultaneously, the upper electrode 28a
and the lower electrode 264 are etched before the contact hole
reaching the high concentration impurity region 18 is com-
pleted. Instead, the contact hole reaching the high concentra-
tion impurity region 18 may be formed alone. In this case,
however, a problem arises that an etching amount is not
stabilized (controlled etching is difficult) because of a high
aspect ratio (an etching depth is too large relative to the
diameter of the contact hole).

As depicted in FIG. 1, the two W plugs 22 and 33¢, which
are formed individually, connect the wiring 37 of the first
wiring layer and the high concentration impurity region 18,
whereby a damage given to the ferroelectric capacitor 30
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during the etching of the interlayer insulating films can be
suppressed. Thus, preferable ferroelectric characteristic can
be obtained.

Inthis case, as depicted in FIG. 1, the size (diameter) of the
W plug 22 on alower side is designed to be slightly larger than
the size (diameter) of the W plug 33¢ on an upper side. This
design is made to securely form a contact hole right above the
W plug 22 even if slight misalignment occurs when a contact
hole reaching the W plug is formed from the upper surface of
the interlayer insulating film 31 by the photolithography
method. In this way, the interlayer insulating film 21 can be
prevented from being etched when the contact hole is formed
in the interlayer insulating film 31.

Note that patent documents 1 to 4 disclose prior arts which
are considered relevant to the embodiments discussed herein.
Patent document 1 discloses a semiconductor device in
which: a silicide pad having a shape larger than that of a plug
formed of polysilicon (polysilicon plug) is formed on top of
the polysilicon plug; and a plug in an upper layer and the
polysilicon plug are electrically connected each other through
the silicide pad.

Patent document 2 discloses a semiconductor device
manufacturing method involving: sequentially forming a first
conductive film and a second conductive film on the entire
upper surface of a substrate after forming a plug; patterning
the second conductive film in a predetermined shape; per-
forming isotropic etching of the first conductive film by using
the second conductive film as a mask, thereby to form a
connection pad, made of the first conductive film, on a pre-
determined plug. The plug and the second conductive film
(wiring) are electrically connected each other through the
connection pad.

Patent document 3 discloses a structure in a semiconductor
device having a stack-type capacitor. In this structure, a con-
tact hole between an impurity region on a substrate surface
and an aluminum wiring is filled with polysilicon. Patent
document 4 discloses a method for forming a contact plug
having a large upper diameter, by performing isotropic etch-
ing and anisotropic etching in combination.

As described above, in consideration of misalignment
occurring in the photolithography process, the size (diameter)
of'the plug 22 has been conventionally designed to be slightly
larger than the size (diameter) of the contact hole formed
thereon. However, with further size reduction (high integra-
tion) of a semiconductor device, the position of the contact
hole 31a has been sometimes misaligned with the position of
the plug 22 as depicted in FIG. 2A.

When the position of the contact hole 31a is misaligned
with the position of the plug 22 as described above, a portion,
near the upper portion of the plug 22, of the interlayer insu-
lating film 21 is etched when the contact hole 31a is formed,
and thus a depression 21a is generated. Usually, when the
formation of the contact hole 31a is completed, a barrier
metal (glue layer) is formed on the entire surface to cover the
wall surface of the contact hole 31a. However, as depicted in
FIG. 2B, in the portion where the depression 214 is formed,
the barrier metal 33g is not filled into the bottom of the
depression 21a. Accordingly, the depression 21a is left
unfilled.

When moisture or impurities accumulate(s) in this depres-
sion 21a, the moisture or impurities diffuse(s) into the inter-
layer insulating films 21 and 31 during a heat treatment pro-
cess performed thereafter, and reaches the ferroelectric film
27. This causes serious deterioration of the characteristic of
the ferroelectric capacitor 30. In addition, even if a semicon-
ductor device has no problems right after being manufac-
tured, long term use of the semiconductor device may cause
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the moisture or impurities to diffuse into the interlayer insu-
lating films 21 and 31, and thereby lead to deterioration of the
characteristics of the ferroelectric capacitor 30 or the transis-
tor T.

The size of the plug 22 may be further increased in order to
prevent the depression 21a from being generated. However, if
s0, a problem arises that the size reduction of a semiconductor
device is disturbed.

Patent document 1: Japanese Laid-open Patent Publication

No. 2001-210711
Patent document 2: Japanese Laid-open Patent Publication

No. 10-289950
Patent document 3: Japanese Laid-open Patent Publication

No. 05-243517
Patent document 4: Japanese Laid-open Patent Publication

No. 08-236476

SUMMARY

According to an aspect of the embodiments, a semiconduc-
tor device includes a semiconductor substrate, a transistor
formed in the semiconductor substrate, a first insulating film
formed on the semiconductor substrate to cover the transistor,
an etching stopper film formed on the first insulating film, a
first plug formed by filling a conductive material into a con-
tact hole extending from an upper surface of the etching
stopper film and reaching an impurity region constituting the
transistor, a ferroelectric capacitor formed on the etching
stopper film, a second insulating film formed on the etching
stopper film to cover the ferroelectric capacitor, and a second
plug formed by filling a conductive material into a contact
hole extending from an upper surface of the second insulating
film and reaching the first plug.

According to another aspect of the embodiments, a method
for manufacturing the semiconductor device includes form-
ing a transistor in a semiconductor substrate, forming a first
insulating film on the semiconductor substrate, the first insu-
lating film covering the transistor, forming an etching stopper
film on the first insulating film, forming a first contact hole
extending from an upper surface of the etching stopper film
and reaching an impurity region constituting the transistor,
forming a first plug by filling a conductive material into the
first contact hole, forming a ferroelectric capacitor on the
etching stopper film, the ferroelectric capacitor including a
lower electrode, a ferroelectric film, and an upper electrode,
forming a second insulating film on the etching stopper film,
the second insulating film covering the ferroelectric capaci-
tor, forming a second contact hole extending from an upper
surface of the second insulating film and reaching the first
plug by an etching method, and forming a second plug by
filling a conductive material into the second contact hole.

According to a further aspect of the embodiments, a semi-
conductor device includes a semiconductor substrate, a tran-
sistor formed in the semiconductor substrate, a first insulating
film formed on the semiconductor substrate to cover the tran-
sistor, an etching stopper film formed on the first insulating
film, a second insulating film formed on the etching stopper
film, a first plug formed by filling a conductive material into
a contact hole extending from an upper surface of the second
insulating film and reaching an impurity region constituting
the transistor, a ferroelectric capacitor formed on the second
insulating film, a third insulating film formed on the second
insulating film to cover the ferroelectric capacitor, and a sec-
ond plug formed by filling a conductive material into a con-
tact hole extending from an upper surface of the third insu-
lating film and reaching the first plug.
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According to a still further aspect of the embodiments, a
method for manufacturing a semiconductor device includes
forming a transistor in a semiconductor substrate, forming a
first insulating film on the semiconductor substrate, the first
insulating film covering the transistor, forming an etching
stopper film on the first insulating film, forming a second
insulating film on the etching stopper film, forming a first
contact hole extending from an upper surface of the second
insulating film and reaching an impurity region constituting
the transistor, forming a first plug by filling a conductive
material into the first contact hole, forming a ferroelectric
capacitor on the second insulating film, the ferroelectric
capacitor including a lower electrode, a ferroelectric film, and
an upper electrode, forming a third insulating film on the
second insulating film, the third insulating film covering the
ferroelectric capacitor, forming a second contact hole extend-
ing from an upper surface of the third insulating film and
reaching the first plug by an etching method, and forming a
second plug by filling a conductive material into the second
contact hole.

According to a yet still further aspect of the embodiments,
a semiconductor device includes a semiconductor substrate, a
transistor formed in the semiconductor substrate, a first insu-
lating film formed on the semiconductor substrate to cover the
transistor, an etching stopper film formed on the first insulat-
ing film, a first contact hole extending from an upper surface
of'the etching stopper film and reaching an impurity region of
the transistor, a second insulating film formed on the etching
stopper film and having an opening in a position aligned with
the first contact hole, the opening having a diameter larger
than a diameter of the contact hole, a first plug formed by
filling a conductive material into the first contact hole and the
opening, a ferroelectric capacitor formed on the second insu-
lating film, a third insulating film formed on the second insu-
lating film to cover the ferroelectric capacitor, a second con-
tact hole extending from an upper surface of the third
insulating film and reaching the first plug, and a second plug
formed by filling a conductive material into the second con-
tact hole.

According to a yet still further aspect of the embodiments,
a method for manufacturing a semiconductor device includes
forming a transistor in a semiconductor substrate, forming a
first insulating film on the semiconductor substrate, the first
insulating film covering the transistor, forming an etching
stopper film on the first insulating film, forming a second
insulating film on the etching stopper film, forming an open-
ing in the second insulating film, the opening allowing the
etching stopper film to be exposed, forming a first contact
hole inside the opening, the first contact hole extending from
an upper surface of the etching stopper film, reaching an
impurity region of the transistor, and having a diameter
smaller than a diameter of the opening, forming a first plug by
filling a conductive material into the first contact hole and the
opening, forming a ferroelectric capacitor on the second insu-
lating film, the ferroelectric capacitor including a lower elec-
trode, a ferroelectric film, and an upper electrode, forming a
third insulating film on the second insulating film, the third
insulating film covering the ferroelectric capacitor, forming a
second contact hole by an etching method, the second contact
hole extending from an upper surface of the third insulating
film and reaching the first plug, and forming a second plug by
filling a conductive material into the second contact hole.

According to a yet still further aspect of the embodiments,
a method for manufacturing a semiconductor device includes
forming a transistor in a semiconductor substrate, forming a
first insulating film on the semiconductor substrate, the first
insulating film covering the transistor, forming an etching
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stopper film on the first insulating film, forming a first contact
hole extending from an upper surface of the etching stopper
film and reaching an impurity region of the transistor, forming
a plug axis part by filling a conductive material into the first
contact hole, forming a second insulating film on the etching
stopper film, etching the second insulating film to form an
opening in which the plug axis part is exposed and which has
a diameter larger than a diameter of the plug axis part, filling
a conductive material into the opening to form a plug head
part constituting, integrally with the plug axis part, a first
plug, forming a ferroelectric capacitor on the second insulat-
ing film, the ferroelectric capacitor including a lower elec-
trode, a ferroelectric film, and an upper electrode, forming a
third insulating film on the second insulating film, the third
insulating film covering the ferroelectric capacitor, forming a
second contact hole by an etching method, the second contact
hole extending from an upper surface of the third insulating
film and reaching the first plug, and forming a second plug by
filling a conductive material into the second contact hole.

According to a yet still further aspect of the embodiments,
a method for manufacturing a semiconductor device includes
forming a transistor in a semiconductor substrate, forming a
first insulating film on the semiconductor substrate, the first
insulating film covering the transistor, forming an etching
stopper film on the first insulating film, forming a first contact
hole extending from an upper surface of the etching stopper
film and reaching an impurity region of the transistor, forming
a plug axis part by filling a conductive material into the first
contact hole, forming a conductive film on the etching stopper
film and the plug axis part, patterning the conductive film to
form a plug head part constituting, integrally with the plug
axis part, a first plug and having a diameter larger than a
diameter of the plug axis part, forming a second insulating
film on an entire upper surface of the semiconductor sub-
strate, polishing the second insulating film to expose the first
plug, forming a ferroelectric capacitor on the second insulat-
ing film, the ferroelectric capacitor including a lower elec-
trode, a ferroelectric film, and an upper electrode, forming a
third insulating film on the second insulating film, the third
insulating film covering the ferroelectric capacitor, forming a
second contact hole by an etching method, the second contact
hole extending from an upper surface of the third insulating
film and reaching the first plug, and forming a second plug by
filling a conductive material into the second contact hole.

According to a yet still further aspect of the embodiments,
a semiconductor device includes a semiconductor substrate, a
transistor formed on the semiconductor substrate, a first insu-
lating film formed on the semiconductor substrate to cover the
transistor, a ferroelectric capacitor formed on the first insu-
lating film, a second insulating film formed on the first insu-
lating film to cover the ferroelectric capacitor, an etching
stopper film formed on the second insulating film, a first
contact hole extending from an upper surface of the etching
stopper film and reaching an impurity region of the transistor,
a first plug formed by filling a conductive material into the
first contact hole, a third insulating film formed on the etching
stopper film, a second contact hole extending from an upper
surface of the third insulating film and reaching the first plug,
and a second plug formed by filling a conductive material into
the second contact hole.

According to a yet still further aspect of the embodiments,
a method for manufacturing a semiconductor device includes
forming a transistor in a semiconductor substrate, forming a
first insulating film on the semiconductor substrate, the first
insulating film covering the transistor, forming a ferroelectric
capacitor on the first insulating film, the ferroelectric capaci-
tor including a lower electrode, a ferroelectric film, and an
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upper electrode, forming a second insulating film on the first
insulating film, the second insulating film covering the ferro-
electric capacitor, forming an etching stopper film on the
second insulating film, forming a first contact hole extending
from an upper surface of the etching stopper film and reaching
an impurity region of the transistor, forming a first plug by
filling a conductive material into the first contact hole, form-
ing a third insulating film on the etching stopper film, forming
a second contact hole by an etching method, the second
contact hole extending from an upper surface of the third
insulating film and reaching the first plug, and forming a
second plug by filling a conductive material into the second
contact hole.

According to a yet still further aspect of the embodiments,
a semiconductor device includes a semiconductor substrate, a
transistor formed in the semiconductor substrate, a first insu-
lating film formed on the semiconductor substrate to cover the
transistor, a ferroelectric capacitor formed on the first insu-
lating film, a second insulating film formed on the first insu-
lating film to cover the ferroelectric capacitor, an etching
stopper film formed on the second insulating film, a third
insulating film formed on the etching stopper film, a first
contact hole extending from an upper surface of the third
insulating film and reaching an impurity region of the tran-
sistor, a first plug formed by filling a conductive material into
the first contact hole, a fourth insulating film formed on the
third insulating film, a second contact hole extending from an
upper surface of the fourth insulating film and reaching the
first plug, and a second plug formed by filling a conductive
material into the second contact hole.

According to a yet still further aspect of the embodiments,
a method for manufacturing a semiconductor device includes
forming a transistor in a semiconductor substrate, forming a
first insulating film on the semiconductor substrate, the first
insulating film covering the transistor, forming a ferroelectric
capacitor on the first insulating film, the ferroelectric film
including a lower electrode, a ferroelectric film, and an upper
electrode, forming a second insulating film on the first insu-
lating film, the second insulating film covering the ferroelec-
tric capacitor, forming an etching stopper film on the second
insulating film, forming a third insulating film on the etching
stopper film, forming a first contact hole extending from an
upper surface of the third insulating film and reaching an
impurity region of the transistor, forming a first plug by filling
a conductive material into the first contact hole, forming a
fourth insulating film on the third insulating film, forming a
second contact hole by an etching method, the second contact
hole extending from an upper surface of the fourth insulating
film and reaching the first plug, and forming a second plug by
filling a conductive material into the second contact hole.

According to a yet still further aspect of the embodiments,
a semiconductor device includes a semiconductor substrate, a
transistor formed in the semiconductor substrate, a first insu-
lating film formed on the semiconductor substrate to cover the
transistor, a ferroelectric capacitor formed on the first insu-
lating film, a second insulating film formed on the first insu-
lating film to cover the ferroelectric capacitor, an etching
stopper film formed on the second insulating film, a first
contact hole extending from an upper surface of the etching
stopper film and reaching an impurity region of the transistor,
athird insulating film formed on the etching stopper film and
having an opening in a position aligned with the first contact
hole, the opening having a diameter larger than a diameter of
the first contact hole, a first plug formed by filling a conduc-
tive material into the first contact hole and the opening, a
fourth insulating film formed on the third insulating film, a
second contact hole extending from an upper surface of the
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fourth insulating film and reaching the first plug, and a second
plug formed by filling a conductive material into the second
contact hole.

According to a yet still further aspect of the embodiments,
a method for manufacturing a semiconductor device includes
forming a transistor in a semiconductor substrate, forming a
first insulating film on the semiconductor substrate, the first
insulating film covering the transistor, forming a ferroelectric
capacitor on the first insulating film, the ferroelectric film
including a lower electrode, a ferroelectric film, and an upper
electrode, forming a second insulating film on the first insu-
lating film, the second insulating film covering the ferroelec-
tric capacitor, forming an etching stopper film on the second
insulating film, forming a third insulating film on the etching
stopper film, forming an opening in the third insulating film,
the opening allowing the etching stopper film to be exposed,
forming a first contact hole inside the opening, the first con-
tact hole extending from an upper surface of the etching
stopper film, reaching an impurity region of the transistor and
having a diameter smaller than a diameter of the opening,
forming a first plug by filling a conductive material into the
first contact hole and the opening, forming a fourth insulating
film on the third insulating film, forming a second contact
hole by an etching method, the second contact hole extending
from an upper surface of the fourth insulating film and reach-
ing the first plug, and forming a second plug by filling a
conductive material into the second contact hole.

The object and advantages of the embodiments will be
realized and attained by means of the elements and combina-
tions particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the embodi-
ments, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic view depicting an example of a
semiconductor device having a conventional ferroelectric
capacitor.

FIGS. 2A and 2B are schematic views, depicting a problem
of a conventional art.

FIG. 3 is a schematic view depicting the structure of a
semiconductor device according to a first embodiment.

FIGS. 4A to 4R are cross-sectional views depicting a
method for manufacturing a semiconductor device according
to the first embodiment.

FIG. 5 is a schematic view depicting the structure of a
semiconductor device according to a second embodiment.

FIG. 6 is a schematic view depicting the structure of a
semiconductor device according to a third embodiment.

FIG. 7 is a schematic view depicting the structure of a
semiconductor device according to a fourth embodiment.

FIGS. 8A to 8F are cross-sectional views depicting a first
method for manufacturing a semiconductor device according
to the fourth embodiment.

FIGS. 9A to 9F are cross-sectional views depicting a sec-
ond method for manufacturing a semiconductor device
according to the fourth embodiment.

FIGS. 10A to 10F are cross-sectional views depicting a
third method for manufacturing a semiconductor device
according to the fourth embodiment.

FIG. 11 is a schematic view depicting the structure of a
semiconductor device according to a fifth embodiment.

FIG. 12 is a schematic view depicting the structure of a
semiconductor device according to a sixth embodiment.
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FIG. 13 is a schematic view depicting the structure of a
semiconductor device according to a modified example of the
sixth embodiment.

FIG. 14 is a schematic view depicting the structure of a
semiconductor device according to a seventh embodiment.

FIG. 15 is a schematic view depicting the structure of a
semiconductor device according to a modified example of the
seventh embodiment.

FIG. 16 is a schematic view depicting the structure of a
semiconductor device according to an eighth embodiment.

FIG. 17 is a schematic view depicting the structure of a
semiconductor device according to a modified example of the
eighth embodiment.

FIG. 18 is a schematic view depicting the structure of a
semiconductor device according to a ninth embodiment.

FIG. 19 is a schematic view depicting the structure of a
semiconductor device according to a modified example of the
ninth embodiment.

FIG. 20 is a schematic view depicting the structure of a
semiconductor device according to a tenth embodiment.

FIG. 21 is a schematic view depicting the structure of a
semiconductor device according to a modified example of the
tenth embodiment.

FIG. 22 is a top view depicting an example in which a
hydrogen barrier film, a moisture barrier film, and an etching
stopper film are only partially disposed on a semiconductor
substrate.

FIG. 23 is a top view depicting an example in which films
such as a hydrogen barrier film, a moisture barrier film, an
etching stopper film are formed on the entire upper surface of
a semiconductor substrate, and, thereafter, the films in a
scribe region are removed by etching.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described
below by referring to the accompanying drawings.

(First Embodiment)

FIG. 3 is a schematic view depicting the structure of a
semiconductor device according to a first embodiment. A
semiconductor substrate 110 is separated into multiple ele-
ment regions by an element isolation film 111. A transistor T
and other elements, which constitute an electronic circuit, are
formed in each element region.

The transistor T includes a pair of high concentration impu-
rity regions 118, each of which is formed by selectively
injecting an impurity into the semiconductor substrate 110, a
gate insulating film (unillustrated) formed on a region
between the pair of these high concentration impurity regions
118, and a gate electrode 114 formed on the gate insulating
film. A stopper layer 120 is formed on the semiconductor
substrate 110. This stopper layer 120 covers the transistor T
and the element isolation film 111. In addition, a first inter-
layer insulating film 121 is formed on the stopper layer 120.
The upper surface of this interlayer insulating film 121 is
subjected to a planarizing process. Formed on this interlayer
insulating film 121 is an etching stopper film 122 made of
SiON.

A plug 124 reaching one of the high concentration impurity
regions 118 of the transistor T from the upper surface of the
etching stopper film 122 is formed inside the interlayer insu-
lating film 121. In addition, on the etching stopper film 122, a
SiON film 125, a TEOS (oxide silicon) film 126, a hydrogen
barrier film 127 made of aluminum oxide (for example,
Al,O,) are formed in this order from the bottom.

Formed on the hydrogen barrier film 127 is a ferroelectric
capacitor 131 with the structure in which a lower electrode
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128a, a ferroelectric film 129, and an upper electrode 130q are
stacked in this order from the bottom. This ferroelectric
capacitor 131 is covered with a second interlayer insulating
film 132 formed on the hydrogen barrier film 127.

The surface of the second interlayer insulating film 132 is
planarized and wirings 138 of a first wiring layer are formed
on this interlayer insulating film 132 to be in predetermined
patterns. One of these wirings 138 is electrically connected to
an upper electrode 129a through a contact hole, extending
from the upper surface of the interlayer insulating film 132
and reaching the upper electrode 129a of the ferroelectric
capacitor 131. Another one is electrically connected to a
lower electrode 1284 through a contact hole extending from
the upper surface of the interlayer insulating film 132 and
reaching the lower electrode 1284 of the ferroelectric capaci-
tor 131. Still another one is electrically connected to the plug
124 and the high concentration impurity region 118 through a
plug 134 penetrating the interlayer insulating film 132 in the
vertical direction.

A hydrogen barrier film 139 made of aluminum oxide (for
example, Al,O,) is formed on the interlayer insulating film
132 and the wiring 138 of the first wiring layer. A third
interlayer insulating film 140 is formed on the hydrogen
barrier film 139. Multiple plugs 141 are formed inside this
interlayer insulating film 140. The multiple plugs 141 pen-
etrate through the interlayer insulating film 140 in the vertical
direction to be electrically connected to the wirings 138 of the
first wiring layer. In addition, multiple wirings 142 of a sec-
ond wiring layer are formed on the interlayer insulating film
140. As depicted in FIG. 3, a predetermined wiring of these
wirings 142 is electrically connected to the wiring 138 of the
first wiring layer through the plug 141.

On the third interlayer insulating film 140 and the wirings
142 of the second wiring layer, a fourth interlayer insulating
film 143 is formed. Multiple plugs 144 (only one is depicted
in FIG. 3) are formed inside this fourth interlayer insulating
film 143. The multiple plugs 144 penetrate through the inter-
layer insulating film 143 in the vertical direction to be elec-
trically connected to the wirings 142 of the second wiring
layer. In addition, wirings 145 of a third wiring layer and a
terminal 146 are formed on the interlayer insulating film 143.
A predetermined wiring of these wirings 145 of the third
wiring layer is electrically connected to the wiring 142 of the
second wiring layer through the plug 144.

On the fourth interlayer insulating film 143 and the wirings
145 of the third wiring layer, a first passivation film 147, a
second passivation film 148, and a protection film 149 are
stacked in this order from the bottom. After that, the first
passivation film 147, the second passivation film 148, and the
protection film 149, which are formed on the terminal 146, are
selectively removed to expose the surface of the terminal 146.

As described above, the semiconductor device of the
present embodiment is characterized in that the etching stop-
per film 122 made of SiON is formed on the first interlayer
insulating film 121, the plug 124 is formed from the upper
surface of the etching stopper film 122 to the high concentra-
tion impurity region 118, and a connected portion of the plug
124 and the plug 134 is positioned on the same plane as the
upper surface of the etching stopper film 122.

The semiconductor device of the present embodiment has
the connected portion of the plug 124 and the plug 134 on the
same plane as the upper surface of the etching stopper film
122. Accordingly, when the plug 134 is formed, in other
words, when the contact hole continuing to the plug 124 is
formed in the interlayer insulating film 132, the interlayer
insulating film 121 is prevented from being etched.
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Note that the hydrogen barrier films 127 and 139 are pro-
vided for preventing moisture and hydrogen in the interlayer
insulating film 121 or the interlayer insulating film 140 from
moving into the ferroelectric capacitor 131 to deteriorate the
characteristic of the ferroelectric capacitor 131. In addition,
as depicted in FIG. 3, forming the lower electrode 1284 on the
hydrogen barrier film 127 made of aluminum oxide (Al,O;)
also is effective in improving the orientation of the lower
electrode 128a as well as the orientation of the ferroelectric
film 129 to be formed thereon. In the present invention, these
hydrogen barrier films 127 and 139 are not essential. How-
ever, providing the hydrogen barrier films 127 and 139 as
depicted in FIG. 3 is preferable in order to maintain the
characteristic of the ferroelectric capacitor 131 over a long
period of time.

FIGS. 4A to 4R are cross-sectional views depicting a
method for manufacturing a semiconductor device according
to the first embodiment in the order of processes. Note that,
the following description illustrates an example in which the
embodiment is applied to the manufacture of a FeRAM hav-
ing a planar-type ferroelectric capacitor. In addition, FIGS.
4 A 1o 4R depict cross sections in a peripheral circuit forming
region, a memory cell forming region, and a terminal forming
region. Furthermore, it is assumed in the following descrip-
tion that a memory cell consists of an n-type transistor.

Firstly, the process to form the structure depicted in FIG.
4 A will be described. An element isolation film 111 is formed
in a predetermined region of a semiconductor substrate (sili-
con substrate) 110 by the well-known LOCOS (Local Oxi-
dation of Silicon) method, so that this element isolation film
111 separates the semiconductor substrate 110 into multiple
element regions. The element isolation film 111 may be
formed by the well-known STI (Shallow Trench Isolation)
method.

Subsequently, a p-type impurity such as boron (B) is intro-
duced into an n-type transistor forming region (n-type tran-
sistor forming regions in the memory cell forming region and
the peripheral circuit forming region; same goes for the fol-
lowing expression) in the semiconductor substrate 110 to
form a p-well 112. In addition, an n-type impurity such as
phosphorus (P) is introduced into a p-type transistor forming
region (a p-type transistor forming region in the peripheral
circuit forming region; same goes for the following expres-
sion) in the semiconductor substrate 110 to form an n-well
(unillustrated).

Thereafter, the surfaces of the p-well 112 and the n-well
(unillustrated) are thermally oxidized to form a gate insulat-
ing film (unillustrated). After that, a silicon film (a polysilicon
film or an amorphous silicon film) is formed on the entire
upper surface of the semiconductor substrate 110 by the CVD
(Chemical Vapor Deposition) method. This silicon film is
patterned by the photolithography method to form a gate
electrode (silicon wiring) 114.

Note that it is preferable that a gate electrode into which an
n-type impurity is introduced be formed above the p-well 122
and a gate electrode into which a p-type impurity is intro-
duced be formed above the n-well (unillustrated). In addition,
as depicted in FIG. 4A, in the memory cell forming region,
two gate electrodes 114 are disposed so as to be parallel to
each other on a single p-well 112.

After that, using the gate electrode 114 as a mask, an n-type
impurity such as phosphorus (P) or arsenic (As) is shallowly
ion-implanted into the p-well 112 in the n-type transistor
forming region, so that an n-type low concentration impurity
region 116 is formed. Similar to this, using the gate electrode
114 as a mask, a p-type impurity such as boron (B) is shal-
lowly ion-implanted into the n-well (unillustrated) in the
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p-type transistor forming region, so that a p-type low concen-
tration impurity region (unillustrated) is formed.

Subsequently, sidewalls 117 are formed on both sides of
the gate electrode 114. These sidewalls 117 are formed in the
following manner. An insulating film made of SiO,, SiN, or
the like is formed on the entire upper surface of the semicon-
ductor substrate 110 by the CVD method. Thereafter, the
insulating film is etched back to form the sidewalls 117.

After that, using the gate electrode 114 and the sidewall
117 as masks, an n-type impurity such as phosphorus (P) or
arsenic (As) is ion-implanted into the p-well 112 in the n-type
transistor forming region, so that an n-type high concentra-
tion impurity region 118 is formed. Similar to this, using the
gate electrode in the p-type transistor forming region and the
sidewall as masks, a p-type impurity such as boron (B) is
ion-implanted into the n-well (unillustrated), so that a p-type
high concentration impurity region (unillustrated) is formed.
In this manner, the transistor T having source/drain with the
LDD (Lightly Doped Drain) structure is formed in each tran-
sistor forming region.

Note that it is preferable to form a metal silicide layer made
of a material such as cobalt silicide or titanium silicide, as a
contact layer on the surfaces of the gate electrode 114 and the
n-type high concentration impurity region 118.

Next, as the stopper layer 120, a SiON film, for example, is
formed by the plasma CVD method to be 200 nm in thickness
on the entire upper surface of the semiconductor substrate
110. In addition, as the first interlayer insulating film 121, a
TEOS-NSG (Tetra-Ethyl-Ortho-Silicate-Nondoped Silicate
Glass: SiO) film, for example, is formed by the plasma CVD
method to be 600 nm in thickness on the stopper layer 120.
After that, the interlayer insulating film 121 is polished by
approximately 200 nm using the CMP (Chemical Mechanical
Polishing) method, and thus the surface thereof is planarized.

After that, an etching stopper film 122 made of SiON is
formed by the CVD method to be 100 nm in thickness on the
interlayer insulating film 121. This etching stopper film 122 is
formed in order to prevent the first interlayer insulating film
121 from being etched in the etching process for forming
contact holes in the second interlayer insulating film 132,
which will be described later. This etching stopper film 122
only needs to be formed of an insulating material having a
lower etching rate than that of the TEOS-NSG film constitut-
ing the second interlayer insulating film 132. For example, the
etching stopper film 122 may be formed of SiN. In the present
embodiment, the thickness of the etching stopper film 122 is
designed to be 20 nm to 150 nm.

The etching stopper film 122 may be formed of a metal
oxide such as aluminum oxide (AlxOy), titanium oxide
(Ti0x), zirconium oxide (ZrOx), magnesium oxide (MgOx),
or MgTiOx. If the etching stopper film 122 is formed of one
of these metal oxides, the etching stopper film 122 functions
also as a hydrogen barrier film to prevent moisture and hydro-
gen contained in the interlayer insulating film 121 from dif-
fusing into an upper layer. As a result, the reliability of
FeRAM can be further improved. However, if the etching
stopper film 122 is formed of any one of the above-described
metal oxides, it is preferable that the film thickness be equal
to or less than 100 nm. When the thickness of the etching
stopper film 122 made of a metal oxide exceeds 100 nm, it is
difficult to make a hole in the etching stopper film 122 when
a W plug 124 is formed in a later process.

Next, the process to form the structure depicted in FIG. 4B
will be described. After the etching stopper film 122 is formed
in the above-described process, a photoresist is applied onto
the etching stopper film 122, so that a photoresist film 123 is
formed. Subsequently, this photoresist film 123 is exposed to
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light and developed to form, in a predetermined position, an
opening 123a in which the etching stopper film 122 is
exposed. After that, etching is performed by using the photo-
resist film 123 as a mask to form a contact hole 1214 extend-
ing from the upper surface of the etching stopper film 122 and
reaching the high concentration impurity region 118 (source/
drain of the transistor T). The diameter of this contact hole
121a is designed to be, for example, 0.55 um.

Note that, in the present embodiment, as depicted in FIG.
4B, formed in the peripheral circuit forming region are the
contact hole 121a continuing to the high concentration impu-
rity region 118 and the contact hole 121a extending from the
upper surface of the etching stopper film 122 and reaching the
gate electrode (silicon wiring) 114 on the element isolation
film 111.

Next, the process to form the structure depicted in FIG. 4C
will be described. After removing the photoresist film 123
used for forming the contact holes 121q, a Ti film with the
thickness of 20 nm and a TiN film with the thickness of 50 nm
(both of which are unillustrated) are sequentially formed by,
for example, the PVD (Physical Vapor Deposition) method on
the entire upper surface of the semiconductor substrate 110.
As a result, the wall surface of the contact holes 121a are
covered with the Ti film and the TiN film. Thereafter, W
(tungsten) is deposited by, for example, the CVD method on
the entire upper surface of the semiconductor substrate 110,
so that a W film is formed on the etching stopper film 122 and
the contact holes 1214 are filled with W.

Next, the W film, the TiN film, and the Ti film which are on
the etching stopper film 122 are removed by the CMP method.
In this manner, W plugs 124 are formed by filling the contact
holes 121a with W. In this case, as depicted in FIG. 4C, the
upper surfaces of the W plugs 124 and the upper surface of the
etching stopper film 122 are positioned on the same plane.

Thereafter, plasma annealing is performed in an atmo-
sphere containing nitrogen and oxygen at the temperature of
350° C. for 2 minutes. Then, by the plasma CVD method, a
SiON film 125 is formed on the entire upper surface of the
semiconductor substrate 110 to be 100 nm in thickness to
prevent the W plug 124 from being oxidized. Note that a
SiON film formed by the plasma CVD method generally has
a characteristic of being hardly permeable to moisture, and,
thus, the SiON film 125 also functions as a moisture barrier
layer to prevent moisture from moving in the vertical direc-
tion.

Next, the process to form the structure depicted in FIG. 4D
will be described. After the moisture barrier film 125 is
formed in the above-described process, a TEOS (silicon
oxide) film 126 is formed by the CVD method to be 100 nm
in thickness on the SiON film 125. Subsequently, as a dewa-
tering process, a heat treatment is performed in an atmosphere
with the flow rate of nitrogen being 2 litters per minute at the
temperature of 650° C. for 30 minutes. Thereafter, for
example by the CVD method, aluminum oxide (for example,
Al,O,) is deposited on the TEOS film 126 to be 20 nm in
thickness, so that a hydrogen barrier film 127 is formed. After
that, a heat treatment (RTA process) is performed in an atmo-
sphere with the flow rate of oxygen being 2 litters per minute
for 60 seconds.

Next, the process to form the structure depicted in FIG. 4E
will be described. After the hydrogen barrier film 127 is
formed in the above-described process, a conductive film 128
serving as a lower electrode of a ferroelectric capacitor is
formed onthe hydrogen barrier film 127. This conductive film
128 is formed of, for example, a metal, such as Pt (platinum),
Ir (iridium), Ru (ruthenium), Rh (rthodium), Re (thenium), Os
(osmium), or Pd (palladium), or an oxide of one of those
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metals (conductive oxide). In the present embodiment, the
conductive film 128 is designed to be formed by depositing Pt
using the PVD method to be 155 nm in thickness on the
hydrogen barrier film 127.

Subsequently, a ferroelectric film 129 is formed on the
conductive film 128. The ferroelectric film 129 may be
formed of PZT, PLZT, BLT, SBT, or the like. In the present
embodiment, the ferroelectric film 129 is designed to be
formed by depositing PZT to be 150 to 200 nm in thickness on
the conductive film 128 using the PVD method.

After forming the ferroelectric film 129 as described
above, the RTA process is performed in an atmosphere con-
taining oxygen to crystallize the ferroelectric film 129. In the
present embodiment, an oxygen gas is supplied into the RTA
device with the flow rate of 0.025 litters per minute and a heat
treatment is performed at the temperature of, for example,
565° C. for 90 seconds.

After that, a conductive film 130 serving as an upper elec-
trode of the ferroelectric capacitor is formed on the ferroelec-
tric film 129. The conductive film 130 is formed of, for
example, a metal such as Pt, Ir, Ru, Rh, Re, Os, or Pd, or an
oxide of one of these metals (conductive oxide). In the present
embodiment, a first IrO, film is formed by depositing IrO, to
be 50 nm in thickness on the ferroelectric film 129. After that,
the semiconductor substrate 110 is placed inside the RTA
device and the RTA process is performed under conditions of
the supply amount of oxygen gas being 0.025 litters per
minute, the temperature of 725° C., and the processing time of
20 seconds. Thereafter, a second IrO, film is formed by
depositing IrO, to be 200 nm in thickness on the first IrO, film
using the PVD method. In this manner, formed is the conduc-
tive film 130 with the structure in which the first and second
IrO, films are stacked.

Next, the process to form the structure depicted in FIG. 4F
will be described. After the conductive film 130 is formed in
the above-described process, a resist film (unillustrated) cov-
ering an upper electrode forming region of the ferroelectric
capacitor is formed by the photolithography method. After
that, the conductive film 130 is etched by using the resist film
as a mask to form an upper electrode 130a. Subsequently, the
resist film on the upper electrode 130q is removed.

Thereafter, recovery annealing for the ferroelectric film
129 is performed. That is, the semiconductor substrate 110 is
placed inside a heating furnace and a heat treatment is per-
formed under conditions of the supply amount of oxygen
being 20 litters per minute, the temperature of 650° C., and
the processing time of 60 minutes.

After performing the recovery annealing for the ferroelec-
tric film 129, a resist film (unillustrated) covering above a
ferroelectric capacitor forming region is formed by the pho-
tolithography method. Then, the ferroelectric film 129 is
etched by using the resist film as a mask to form the ferro-
electric film 129 in a predetermined shape. After that, the
resist film is removed.

Thereafter, the semiconductor substrate 110 is placed
inside the heating furnace to perform the recovery annealing
for the ferroelectric film 129. This recovery annealing is
performed under conditions of, for example, the supply
amount of oxygen into the heating furnace being 20 litters per
minute, the temperature of 350° C., and the processing time of
60 minutes.

Next, the process to form the structure depicted in FIG. 4G
will be described. After the ferroelectric film 129 is patterned
in the above-described process, a resist film (unillustrated)
covering above a lower electrode forming region of the fer-
roelectric capacitor is formed by the photolithography
method. Then, the conductive film 128 is etched by using this
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resist film as a mask to form a lower electrode 128a. After
that, the resist film is removed.

Thereafter, the semiconductor substrate 110 is placed
inside the heating furnace to perform the recovery annealing
for the ferroelectric film 129. This recovery annealing is
performed under conditions of, for example, the supply
amount of oxygen into the heating furnace being 20 litters per
minute, the temperature of 650° C., and the processing time of
60 minutes. In this manner, a ferroelectric capacitor 131 is
completed.

Next, an interlayer insulating film 132 is formed by depos-
iting TEOS-NSG to be 1500 nm in thickness on the entire
upper surface of the semiconductor substrate 110 using, for
example, the plasma CVD method. This interlayer insulating
film 132 covers the ferroelectric capacitor 131. After that, the
upper surface of the interlayer insulating film 132 is pla-
narized by the CMP method.

Note that, though unillustrated in FIG. 4G, it is preferable
that a hydrogen barrier film (aluminum oxide film) be formed
by the PVD method to be, for example, 20 nm in thickness on
the entire upper surface of the substrate 110 after the ferro-
electric capacitor 131 is formed. With this, the entrance of
moisture and hydrogen into the ferroelectric capacitor 131
can be further securely prevented. If this hydrogen barrier
film is formed, a heat treatment is performed in an atmosphere
containing oxygen at the temperature of 550° C. for 60 min-
utes. Similar to this, in other embodiments of the present
application, it is also preferable that a hydrogen barrier film
be formed on the entire upper surface of a semiconductor
substrate after a ferroelectric capacitor is formed.

Next, the process to form the structure depicted in FIG. 4H
will be described. After the surface of the interlayer insulating
film 132 is planarized in the above-described process, plasma
annealing is performed in an atmosphere containing, for
example, nitrogen and oxygen at the temperature of 350° C.
for 2 minutes to nitride the surface of the interlayer insulating
film 132. Afterthat, a photoresist is applied onto the interlayer
insulating film 132 to form a photoresist film 133. Then, this
photoresist film 133 is exposed to light and developed to form
an opening 1334 in a predetermined position. After that, the
etching process is performed by using this photoresist film
133 as a mask, so that a contact hole 132a extending from the
upper surface of the interlayer insulating film 132 and reach-
ing the W plug 124 is formed. It is preferable that the diameter
of'this contact hole 1324 be slightly smaller than the diameter
of the contact hole 121a (0.55 pm) when the W plug 124 is
formed. In the present embodiment, the diameter of the con-
tact hole 1324 is designed to be 0.5 um.

Even when misalignment occurs when this contact hole
132a is formed, the interlayer insulating film 121 is prevented
from being etched because the etching stopper film 122 is
formed around the W plug 124. As a result, problems are
solved in that the interlayer insulating film is etched to gen-
erate a depression and that moisture or impurities, which
accumulate(s) in the depression, deteriorates the characteris-
tic of the ferroelectric capacitor (see, for example, FIG. 2).

Next, the process to form the structure depicted in FIG. 41
will be described. After removing the photoresist film 133
used for forming the contact hole 1324, a Ti film with the
thickness of 20 nm and a TiN film with the thickness of 50 nm
(both of which are unillustrated) are sequentially formed by,
for example, the PVD method on the entire upper surface of
the semiconductor substrate 110. Then, the wall surface of the
contact hole 1324 is covered with these Ti film and TiN film.
Thereafter, W (tungsten) is deposited by, for example, the
CVD method on the entire upper surface of the semiconduc-
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tor substrate 110, so that a W film is formed on the interlayer
insulating film 132 and the contact hole 132aq is filled with W.

After that, the W film, the TiN film, and the Ti film which
are on the interlayer insulating film 132 are removed by the
CMP method. In this manner, a W plug 134 is formed by
filling the contact hole 132a with W. Subsequently, plasma
annealing is performed in an atmosphere containing, for
example, nitrogen and oxygen at the temperature of 350° C.
for 2 minutes to nitride the surface of the interlayer insulating
film 132. After that a SiON film 135 is formed by the CVD
method to be 100 nm in thickness on the interlayer insulating
film 132 to prevent the W plug 134 from being oxidized.

Next, the processes to form the structures depicted in FIG.
4], F1G. 4K, and FIG. 4L will be described. After the SiON
film 135 is formed in the above-described process, as
depicted in FIG. 4], a photoresist is applied onto the SION
film 135 to form a photoresist film 136. Then, this photoresist
film 136 is exposed to light and developed to form an opening
in a predetermined position. After that, the etching process is
performed by using this photoresist film 136 as a mask to
form a contact hole 1325 extending from the upper surface of
the SiON film 135 and reaching the upper electrode 130a of
the ferroelectric capacitor 131 and a contact hole 1324
extending from the upper surface of the SiON film 135 and
reaching the lower electrode 1284 of the ferroelectric capaci-
tor 131. Subsequently, after removing the photoresist film
136, recovery annealing for the ferroelectric film 129 is per-
formed. This recovery annealing is performed by heating in,
for example, an oxygen atmosphere at the temperature of
500° C. for 60 minutes.

Next, as depicted in FIG. 4K, the SiON film 135 is removed
by etching. Subsequently, as depicted in FIG. 4L, TiN with
the thickness of 150 nm, Al-—Cu alloy with the thickness of
550 nm, Ti with the thickness of 5 nm, and TiN with the
thickness of 150 nm are deposited in this order on the entire
upper surface of the semiconductor substrate 110 by, for
example, the PVD method, so that an aluminum film 137 is
formed on the interlayer insulating film 132 and the contact
holes 1325 are filled with aluminum.

Next, the process to form the structure depicted in FIG. 4M
will be described. After the aluminum film 137 is formed in
the above-described process, the aluminum film 137 is pat-
terned by using the photolithography method and the etching
method, so that a wiring 138 of a first wiring layer is formed.
In the present embodiment, the upper electrode 130a of the
ferroelectric capacitor 131 is electrically connected to the
high concentration impurity region 118 of the transistor T
through the wiring 138, the W plug 134, and the W plug 124.
In this manner, the wiring 138 of the first wiring layer is
formed. Thereafter, a heat treatment is performed under con-
ditions of, for example, the supply amount of nitrogen being
20 litters per minute, the temperature of 350° C., and the
processing time of 30 minutes. Thereafter, an aluminum
oxide (for example, Al,O,) film as the hydrogen barrier film
139 is formed by the PVD method to be 20 nm in thickness on
the entire upper surface of the semiconductor substrate 110.

Next, the processes to form the structures depicted in FIG.
4N and FIG. 40 will be described. After the hydrogen barrier
film 139 is formed in the above-described process, TEOS-
NSG is deposited by, for example, the plasma CVD method
with a thickness of approximately 2600 nm, so that an inter-
layer insulating film 140 is formed as depicted in FIG. 4N.
Thereafter, the surface of the interlayer insulating film 140 is
polished by the CMP method, and thus planarized. Subse-
quently, the photolithography method and the etching method
are used to form a contact hole extending from the upper
surface of the interlayer insulating film 140 and reaching the
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wiring 138 of the first wiring layer. Then, a Ti film with the
thickness of 20 nm and a TiN film with the thickness of 50 nm
are formed on the entire upper surface of the semiconductor
substrate 110. After that, W (tungsten) is deposited by the
CVD method on the entire upper surface of the semiconduc-
tor substrate 110, so that the contact hole is filled with W.
Thereafter, the CMP polishing is performed until the inter-
layer insulating film 140 is exposed to form a W plug 141.

Next, by a method similar to the method for forming the
wiring of the first wiring layer, an aluminum film is formed on
the entire upper surface of the semiconductor substrate 110.
Then, this aluminum film is patterned to form wirings 142 of
a second wiring layer as depicted in FIG. 40. As depicted in
this FIG. 40, a predetermined wiring of the wirings 142 of the
second wiring layer is electrically connected to the transistor
T (high concentration impurity layer 118) through the W plug
141, the wiring 138 of the first wiring layer, the W plug 134,
and the W plug 124.

Next, the process to form the structure depicted in FIG. 4P
will be described. After the wiring 142 of the second wiring
layer is formed in the above-described process, TEOS-NSG
is deposited by, for example, the plasma CVD method to be
approximately 2200 nm in thickness to form an interlayer
insulating film 143 covering the wiring 142 of the second
wiring layer. Thereafter, the surface of the interlayer insulat-
ing film 143 is planarized by the CMP method. Subsequently,
the photolithography method and the etching method are used
to form a contact hole extending from the upper surface of the
interlayer insulating film 143 and reaching the wiring 142 of
the second wiring layer and W (tungsten) is filled into the
contact hole to form a W plug 144. After that, an aluminum
film is formed on the entire upper surface of the semiconduc-
tor substrate 110. Then, this aluminum film is patterned to
form a wiring 145 of a third wiring layer and a terminal 146.

Next, the process to form the structure depicted in FIG. 4Q
will be described. After the wiring 145 of the third wiring
layer and the terminal 146 are formed in the above-described
process, TEOS-NSG is deposited by the plasma CVD method
to be approximately 100 nm in thickness on the entire upper
surface of the semiconductor substrate 110, so that a first
passivation film 147 covering the wiring 145 and the terminal
146 is formed. Then, plasma annealing is performed on the
first passivation film 147 in a nitrogen atmosphere. The tem-
perature in the annealing is designed to be, for example, 350°
C. and the processing time is designed to be, for example, 2
minutes.

Thereafter, SiN is deposited by, for example, the plasma
CVD method to be 350 nm in thickness on the first passivation
film 147, so that a second passivation film 148 is formed.

Next, the process to form the structure depicted in FIG. 4R
will be described. After the first and second passivation films
147 and 148 are formed in the above-described process, the
first and second passivation films 147 and 148 on the terminal
146 are removed by using the photolithography method and
the etching method. After that, photosensitive polyimide is
applied onto the entire upper surface of the semiconductor
substrate 110 to be approximately 3.6 um in thickness, so that
aprotection film 149 is formed. Then, the protection film 149
is exposed to light and developed to form an opening 1494 in
which the terminal 146 is exposed. Subsequently, a heat treat-
ment is performed in, for example, a nitrogen atmosphere at
the temperature of 310° C. for 40 minutes to cure polyimide
constituting the protection film 149. In this manner, a semi-
conductor device (FeRAM) according to the present embodi-
ment is completed. Note that the protective film 149 may be
formed of nonphotosensitive polyimide.
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In the present embodiment, as depicted in FIG. 4H, the
etching stopper film 122 is formed on the first interlayer
insulating film 121. Accordingly, even when misalignment
occurs when the contact hole 1324 continuing to the plug 124
is formed in the second interlayer insulating film 132, the first
interlayer insulating film 121 is not etched. Thus, a depression
21a as depicted in FIG. 2 is not generated. Accordingly, the
deterioration of the characteristic caused by moisture or
impurities which accumulate(s) in the depression 21a is pre-
vented. Thus, the reliability of the semiconductor device (Fe-
RAM) can be ensured over a long period.

In addition, in the present invention, the hydrogen barrier
films 127 and 139 are formed below and above the ferroelec-
tric capacitor 131. Accordingly, the entrance of moisture and
hydrogen into the ferroelectric capacitor 131 can be more
securely prevented. With this, the deterioration of the charac-
teristic of the ferroelectric capacitor 131 can be suppressed,
so that the reliability of the semiconductor device can be
further improved.

(Second Embodiment)

FIG. 5 is a schematic view depicting the structure of a
semiconductor device according to a second embodiment.
The present embodiment is different from the first embodi-
ment in that a TEOS (silicon oxide) film 211 is formed on an
etching stopper film 122, a connected portion of a plug 124
and a plug 134 is positioned on the same plane as the upper
surface of the TEOS film 211, and between a wiring 138 of a
first wiring layer and an upper electrode 130a of a ferroelec-
tric capacitor 131 and between the wiring 138 of the first
wiring layer and a lower electrode 128a of the ferroelectric
capacitor 131 are respectively connected by W plugs 212.
Other components are basically the same as those of the first
embodiment. Accordingly, in FIG. 5, the same reference
numerals are given to denote the components same as those in
FIG. 3, and the description of the same components is omit-
ted.

In the present embodiment, after an etching stopper film
122 is formed, a TEOS film 211 is formed by the CVD
method to be 50 to 100 nm in thickness on the etching stopper
film 122. Subsequently, the photolithography method and the
etching method are used to form a contact hole extending
from the upper surface of the TEOS film 211 and reaching a
high concentration impurity region 118. Then, this contact
hole is filled with W (tungsten), so that a W plug 124 is
formed. After that, similar to the first embodiment, a SiON
film 125, a TEOS film 126, and a hydrogen barrier film 127
are formed. Furthermore, a ferroelectric capacitor 131 and an
interlayer insulating film 132 are formed.

Next, a photoresist film is formed on the interlayer insulat-
ing film 132, and is exposed to light and developed, so that an
opening is formed in the photoresist film in a portion above
the plug 124. Then, the etching is performed by using this
photoresist film as a mask to form a contact hole extending
from the upper surface of the interlayer insulating film 132
and reaching the plug 124. Subsequently, the photoresist film
is removed, and, thereafter, the contact hole is filled with W
(tungsten) to form a W plug 134 to be electrically connected
to the W plug 124.

Note that the TEOS film 211 could be etched due to mis-
alignment occurred when the contact hole is formed. How-
ever, the thickness of the TEOS film 211 is 50 to 100 nm,
which is extremely thin, and the etching stopper film 122 is
also formed thereunder. Accordingly, the occurrence of a
large depression as depicted in FIG. 2 is prevented.

Next, a SiON film (unillustrated) is formed on the entire
upper surface of the semiconductor substrate 110. Subse-
quently, a photoresist film is formed on this SION film and is
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exposed to light and developed, so that openings are formed
in the photoresist film in portions above the upper electrode
130a and lower electrode 128a of the ferroelectric capacitor
131. After that, the etching process is performed by using the
photoresist film as a mask to form a contact hole extending
from the upper surface of the interlayer insulating film 132
and reaching the upper electrode 130a of the ferroelectric
capacitor 131 and a contact hole extending from the upper
surface of interlayer insulating film 132 and reaching the
lower electrode 1284 of the ferroelectric capacitor 131. Then,
the photoresist film and the SiON film are removed, and,
thereafter, the contact holes are filled with W (tungsten), so
that W plugs 212, which are respectively connected to the
upper electrode 130a and lower electrode 128a of the ferro-
electric capacitor 131, are formed.

The processes thereafter are the same as those of the first
embodiment, and the description thereof is omitted here. In
the present embodiment as well, effects similar to those of the
first embodiment can be obtained.

(Third Embodiment)

FIG. 6 is a schematic view depicting the structure of a
semiconductor device according to a third embodiment. The
present embodiment is different from the first embodiment in
that a SiION film 221 is formed on an etching stopper film 122,
aconnected portion of a plug 124 and a plug 134 is positioned
on the same plane as the upper surface of the SiON film 221,
and between a wiring 138 of a first wiring layer and an upper
electrode 130q of a ferroelectric capacitor 131 and between
the wiring 138 of the first wiring layer and a lower electrode
128a of the ferroelectric capacitor 131 are respectively con-
nected by W plugs 212. Other components are basically the
same as those of the first embodiment. Accordingly, in FIG. 6,
the same reference numerals are given to denote the compo-
nents same as those in FIG. 3, and the description of the same
components is omitted.

In the present embodiment, after an etching stopper film
122 is formed, a SiION film 221 is formed by the CVD method
to be 50 to 100 nm in thickness on the etching stopper film
122. Subsequently, the photolithography method and the
etching method are used to form a contact hole extending
from the upper surface of the SiON film 221 and reaching a
high concentration impurity region 118. Then, this contact
hole is filled with W (tungsten) to form a W plug 124. After
that, similar to the first embodiment, a SiON film 125, a TEOS
film 126, and a hydrogen barrier film 127 are formed, and a
ferroelectric capacitor 131 and an interlayer insulating film
132 are formed.

Next, a photoresist film is formed on the interlayer insulat-
ing film 132, and is exposed to light and developed, so that an
opening is formed in the photoresist film in a portion above
the plug 124. Subsequently, the etching is performed by using
this photoresist film as a mask to form a contact hole extend-
ing from the upper surface of the interlayer insulating film
132 and reaching the plug 124. After that, the photoresist film
is removed, and, thereafter, the contact hole is filled with W
(tungsten) to form a W plug 134, which is electrically con-
nected to the plug 124.

Thereafter, a SiON film (unillustrated) is formed on the
entire upper surface of the semiconductor substrate 110. Sub-
sequently, a photoresist film is formed on this SiON film and
is exposed to light and developed, so that openings are formed
in the photoresist film in portions above the upper electrode
130a and lower electrode 128a of the ferroelectric capacitor
131. After that, the etching is performed by using the photo-
resist film as a mask to form a contact hole extending from the
upper surface of the interlayer insulating film 132 and reach-
ing the upper electrode 130a of the ferroelectric capacitor
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131, and a contact hole extending from the upper surface of
the interlayer insulating film 132 and reaching the lower
electrode 128a of the ferroelectric capacitor 131. Then, the
photoresist film and the SiON film are removed. Thereafter,
the contact holes are filled with W (tungsten), so that W plugs
212, which are respectively connected to the upper electrode
130a and lower electrode 128a of the ferroelectric capacitor
131, are formed.

The processes thereafter are the same as those of the first
embodiment, and the description thereof is omitted here. In
the present embodiment, effects similar to those of the first
embodiment can be also obtained.

(Fourth Embodiment)

FIG. 7 is a schematic view depicting the structure of a
semiconductor device according to a fourth embodiment. The
present embodiment is different from the first embodiment in
the shape of the upper portion of a plug which is to be
electrically connected to a high concentration impurity region
118 of a transistor T. Other components are basically the same
as those of the first embodiment. Accordingly, in FIG. 7, the
same reference numerals are given to denote the components
same as those in FIG. 3.

In the present embodiment, as depicted in FIG. 7, a TEOS
(silicon oxide) film 242 is formed on an etching stopper film
122, and a SiON film 125, a TEOS film 126, and a hydrogen
barrier film 127 are formed thereon. A plug 241 is formed by
filling W (tungsten) into the contact hole extending from the
upper surface of the TEOS film 242 and reaching the high
concentration impurity region 118 of the transistor T. The
head portion of this plug 241 (a portion higher than the etch-
ing stopper film 122) has the diameter larger than that of
another portion (axis portion). For example, the diameter of
the axis portion is 0.55 pm and the diameter of the head
portion is 0.7 um.

In the present embodiment, effects similar to those of the
firstembodiment can be obtained. In addition, since the diam-
eter ofthe head portion of the plug 241 is largely formed, even
when misalignment occurs between the plug 241 and the plug
134 to be formed thereon, the electrical connection between
the plugs 241 and 134 can be preferably maintained.

Three methods for manufacturing a semiconductor device
according to the present embodiment will be described below.
Note that, in the following description, the description will be
given of an example in which the present invention is applied
to a FeRAM having a planar-type ferroelectric capacitor.

(First Manufacturing Method)

FIGS. 8A to FIG. 8F are cross-sectional views depicting a
first method for manufacturing a semiconductor device
according to the present embodiment in the order of pro-
cesses.

Firstly, by a method similar to that of the first embodiment,
as depicted in FIG. 8A, formed on and in a semiconductor
substrate 110 are an element isolation film 111, a p-well 112,
agate electrode 114, a low concentration impurity region 116,
a sidewall 117, a high concentration impurity region 118, a
stopper layer 120, and a first interlayer insulating film 121.
Thereafter, a SiON film as an etching stopper film 122 is
formed by the CVD method to be 100 nm in thickness on the
interlayer insulating film 121. Furthermore, a TEOS film 242
is formed thereon by the CVD method to be 100 nm in
thickness.

Next, as depicted in FIG. 8B, a photoresist is applied onto
the TEOS film 242 to form a photoresist film 243. Then, this
photoresist film 243 is exposed to light and developed to form
an opening 243a in a predetermined region. After that, the
TEOS film 242 is etched by using the photoresist film 243 as
a mask to form an opening 242a.
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Next, after the photoresist film 243 is removed, as depicted
in FIG. 8C, a photoresist is applied onto the entire upper
surface of the semiconductor substrate 110 to form a photo-
resist film 244. Then, this photoresist film 244 is exposed to
light and developed to form an opening 244a. This opening
244a is formed in a position aligned with the opening 242a in
the TEOS film 242 with a diameter slightly smaller than that
of'the opening 242a. In the present embodiment, the diameter
of'the opening 242aq is designed to be 0.7 um and the diameter
of'the opening 244a is designed to be 0.55 um. Note that, here,
since a base has a stepped portion, it is better to form the
photoresist film after an antireflection film (BARC) is applied
in order to precisely form a pattern. Both approaches may be
used.

Subsequently, as depicted in FIG. 8D, the etching is per-
formed by using the photoresist film 244 as a mask to form a
contact hole 121a extending from the upper surface of the
etching stopper film 122 and reaching the high concentration
impurity region 118 (source/drain of the transistor T). Here,
not only the contact hole 121a extending from the upper
surface of the etching stopper film 122 and reaching the high
concentration impurity region 118, but also formed is the
contact hole 121a extending from the upper surface of the
etching stopper film 122 and reaching the gate electrode
(silicon wiring) 114 on the element isolation film 111 in the
peripheral circuit forming region.

Next, after the photoresist film 244 is removed, a Ti film
with the thickness of 20 nm and a TiN film with the thickness
of 50 nm (both of which are unillustrated) are formed by, for
example, the PVD method on the entire upper surface of the
semiconductor substrate 110. Then, the wall surface of the
contact hole 1214 is covered with these Ti film and TiN film.
Thereafter, W (tungsten) is deposited by, for example, the
CVD method on the entire upper surface of the semiconduc-
tor substrate 110, so that a W film is formed on the TEOS film
242 and the contact hole 121a is filled with W. After that, the
W film, the TiN film, and the Ti film which are on the TEOS
film 24 are removed by the CMP method. With this, as
depicted in FIG. 8E, a W plug 241 is formed by filling the
contact hole 121a with W. This W plug 241 has the shape (a
rivet-like shape) in which the diameter of the upper (head)
portion thereof is larger than that of another portion (axis
portion). After the CMP process, the plasma annealing is
performed in an atmosphere containing nitrogen and oxygen
at the temperature of 350° C. for 2 minutes.

Next, as depicted in FIG. 8F, a SiON film 125 is formed by
the plasma CVD method to be 100 nm in thickness on the
entire upper surface of the semiconductor substrate 110. Sub-
sequently, a TEOS film 126 is formed by the CVD method to
be 100 nm in thickness on the SiON film 125. Then, the
dewatering process is performed by heating under conditions
of the flow rate of nitrogen being 2 litters per minute and the
temperature of 650° C. for 30 minutes. Thereafter, a hydrogen
barrier film 127 made of aluminum oxide (for example,
Al,O,) is formed by the PVD method on the TEOS film 126.
The processes thereafter are the same as those of the first
embodiment, and the description thereof is omitted here.

(Second Manufacturing Method)

FIGS. 9A to 9F are cross-sectional views depicting a sec-
ond method for manufacturing a semiconductor device
according to the present embodiment in the order of pro-
cesses.

Firstly, by a method similar to that of the first embodiment,
as depicted in FIG. 9A, formed on and in a semiconductor
substrate 110 are an element isolation film 111, a p-well 112,
agateelectrode 114, alow concentration impurity region 116,
a sidewall 117, a high concentration impurity region 118, a
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stopper layer 120, a first interlayer insulating film 121, and the
like. After that, a SION film as an etching stopper film 122 is
formed by the CVD method to be in thickness 100 nm on the
interlayer insulating film 121.

Subsequently, as depicted in FIG. 9B, a photoresist is
applied onto the etching stopper film 122 to form a photoresist
film 251. Then, this photoresist film 251 is exposed to light
and developed to form an opening 251a having the diameter
01 0.55 um in a predetermined region. After that, the etching
is performed by using the photoresist film 251 as a mask to
form a contact hole 1214 extending from the upper surface of
the etching stopper film 122 and reaching the high concen-
tration impurity region 118. Here, formed are not only the
contact hole 121a extending from the upper surface of the
etching stopper film 122 and reaching the high concentration
impurity region 118 but also the contact hole 1214 extending
from the upper surface of the etching stopper film 122 and
reaching the gate electrode (silicon wiring) 114 on the ele-
ment isolation film 111 in the peripheral circuit forming
region.

Next, after the photoresist film 251 is removed, a Ti film
with the thickness 0of 20 nm and a TiN film with the thickness
of 50 nm (both of which are unillustrated) are formed by, for
example, the PVD method on the entire upper surface of the
semiconductor substrate 110. Then, the wall surface of the
contact hole 1214 is covered with these Ti film and TiN film.
Thereafter, W (tungsten) is deposited by, for example, the
CVD method on the entire upper surface of the semiconduc-
tor substrate 110, so that a W film is formed on the etching
stopper film 122 and the contact hole 121aq is filled with W.
After that, the W film, the TiN film, and the Ti film which are
on the etching stopper film 122 are removed by the CMP
method. With this, as depicted in FIG. 9C, a W plug 241
(however, the head portion is excluded) is formed by filling
the contact hole 121a with W.

Next, as depicted in FIG. 9D, a TEOS film 242 is formed by
the CVD method to be 100 nm in thickness on the entire upper
surface of the semiconductor substrate 110. Subsequently, a
photoresist film 252 is formed on the TEOS film 242. This
photoresist film 252 is exposed to light and developed, so that
an opening 252a having the diameter of 0.7 um is formed in
a position aligned with the W plug 214. After that, the TEOS
film 242 is etched by using the photoresist film 252 as a mask
to form an opening 242q in which the W plug 241 is exposed.
After that, the photoresist film 252 is removed.

Next, a Ti film with the thickness of 20 nm and a TiN film
with the thickness of 50 nm (both of which are unillustrated)
are formed on the entire upper surface of the semiconductor
substrate 110. Thereafter, W (tungsten) is deposited by the
CVD method on the entire upper surface of the semiconduc-
tor substrate 110, so that a W film is formed on the TEOS film
242 and the openings 242a are filled with W. After that, the W
film, the TiN film, and the Ti film which are on the TEOS film
242 are removed by the CMP method. With this, as depicted
in FIG. 9E, the head portion of the W plug 241 is formed and
the shape of the W plug 241 becomes a rivet-like shape. After
that, the plasma annealing is performed in an atmosphere
containing nitrogen and oxygen at the temperature of 350° C.
for 2 minutes.

Next, as depicted in FIG. 9F, a SiON film 125 is formed by
the plasma CVD method to be 100 nm in thickness on the
entire upper surface of the semiconductor substrate 110. Sub-
sequently, a TEOS film 126 is formed by the CVD method to
be 100 nm in thickness on the SiON film 125. Then, a dewa-
tering process is performed by heating under conditions of the
flow rate of nitrogen being 2 litters per minute and the tem-
perature of 650° C. for 30 minutes. Thereafter, a hydrogen
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barrier film 127 made of aluminum oxide (for example,
Al,0,) is formed by the PVD method on the TEOS film 126.
The processes thereafter are the same as those of the first
embodiment, and the description thereof is omitted here.

(Third Manufacturing Method)

FIGS. 10A to 10F are cross-sectional views depicting a
third method for manufacturing a semiconductor device
according to the present embodiment in the order of pro-
cesses. Note that, in place of the TEOS film 242, an insulating
film made of SiON, SiN, or aluminum oxide is formed here.

Firstly, by a method similar to that of the first embodiment,
as depicted in FIG. 10A, formed on and in a semiconductor
substrate 110 are an element isolation film 111, a p-well 112,
agateelectrode 114, alow concentration impurity region 116,
a sidewall 117, a high concentration impurity region 118, a
stopper layer 120, a first interlayer insulating film 121, and the
like. After that, a SION film as an etching stopper film 122 is
formed by the CVD method to be 100 nm in thickness on the
interlayer insulating film 121.

Subsequently, as depicted in FIG. 10B, a photoresist film
261 is formed on the etching stopper film 122. This photore-
sist film 261 is exposed to light and developed to form an
opening 261a having the diameter of 0.55 um in a predeter-
mined region. After that, the etching is performed by using
this photoresist film 261 as a mask to form a contacthole 1214
extending from the upper surface of the etching stopper film
122 and reaching the high concentration impurity region 118.
Here, formed are not only the contact hole 1214 extending
from the upper surface of the etching stopper film 122 and
reaching the high concentration impurity region 118 but also
the contact hole 121a extending from the upper surface of the
etching stopper film 122 and reaching the gate electrode
(silicon wiring) 114 on the element isolation film 111 in the
peripheral circuit forming region.

Next, after the photoresist film 261 is removed, a Ti film
with the thickness of 20 nm and a TiN film with the thickness
of 50 nm (both of which are unillustrated) are formed by, for
example, the PVD method on the entire upper surface of the
semiconductor substrate 110. Then, the wall surface of the
contact hole 1214 is covered with these Ti film and TiN film.
Thereafter, W (tungsten) is deposited by, for example, the
CVD method on the entire upper surface of the semiconduc-
tor substrate 110, so that a W film is formed on the etching
stopper film 122 and the contact hole 121aq is filled with W.
After that, the W film, the TiN film, and the Ti film which are
on the etching stopper film 122 are removed by the CMP
method. With this, as depicted in FIG. 10C, a W plug 241
(however, the head portion is excluded) is formed by filling
the contact hole 121a with W.

Next, a TiN film (unillustrated) is formed by, for example,
the PVD method to be 50 nm in thickness on the entire upper
surface of the semiconductor substrate 110. Subsequently, as
depicted in FIG. 10D, a W (tungsten) film 262 is formed by,
for example, the CVD method to be 200 nm in thickness on
the entire upper surface of the semiconductor substrate 110.
Thereafter, a photoresist is applied onto the W film 262 and is
exposed to light and developed to form a photoresist film 263
covering a predetermined region on the W film 262. This
photoresist film 263 is formed, above the W plug 241, to have
the diameter of 0.7 um in size.

Next, the W film 262 is etched by using the photoresist film
263 as a mask. With this, as depicted in FIG. 10E, the head
portion of the W plug 241 is formed and the shape of the W
plug becomes a rivet-like shape. After that, the photoresist
film 263 is removed.

Next, an insulating film 264 for preventing the W plug from
being oxidized is formed on the entire upper surface of the
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semiconductor substrate 110. The insulating film 264 is
formed of SiON, SiN, or aluminum oxide (such as Al,O;).
Here, the insulating film 264 is designed to be formed of
aluminum oxide. The insulating film 264 is formed on the
entire upper surface of the semiconductor substrate 110, and,
thereafter, the insulating film 264 is polished until the W plug
241 is exposed, and thus the surface thereof is planarized.

Next, as depicted in FIG. 10F, a SiON film 125 is formed by
the plasma CVD method to be 100 nm in thickness on the
entire upper surface of the semiconductor substrate 110. Sub-
sequently, a TEOS film 126 is formed by the CVD method to
be 100 nm in thickness on the SiON film 125. Then, the
dewatering process is performed by heating under conditions
of the flow rate of nitrogen being 2 litters per minute and the
temperature of 650° C. for 30 minutes. Thereafter, a hydrogen
barrier film 127 made of aluminum oxide (for example,
Al,0,) is formed by the PVD method on the TEOS film 126.
The processes thereafter are the same as those of the first
embodiment, and the description thereof is omitted here.

(Fifth Embodiment)

FIG. 11 is a schematic view depicting the structure of a
semiconductor device according to a fifth embodiment. The
present embodiment is different from the fourth embodiment
in that a SiON film 217 is formed on an etching stopper film
122. Other components are basically the same as those of the
fourth embodiment. Accordingly, in FIG. 11, the same refer-
ence numerals are given to denote the components same as
those in FIG. 7, and the detailed description thereof is omit-
ted.

In the present embodiment, after an etching stopper film
122 is formed, a SiON film 271 is formed on the etching
stopper film 122. Thereafter, the SION film 271 is processed
by the photolithography method and the etching method to
form, in a predetermined region, an opening in which the
etching stopper film 122 is exposed. After that, the photoli-
thography method and the etching method are used to form a
contact hole extending from the upper surface of the etching
stopper film 122 exposed in the opening and reaching a high
concentration impurity region 118.

Subsequently, a TiN film and a Ti film are formed on the
entire upper surface of the semiconductor substrate 110 and
the wall surface of the contact hole is covered with these TiN
film and Ti film. Thereafter, W (tungsten) is deposited on the
entire upper surface of the semiconductor substrate 110 and
the contact hole is filled with W. After that, polishing is
performed by the CMP method until the SiON film 271 is
exposed. In this manner, formed is a W plug 241 in a rivet
shape with the upper portion thereof wide.

The processes thereafter are the same as those of the fourth
embodiment, and the description thereof is omitted here. In
the present embodiment, effects similar to those of the fourth
embodiment can be also obtained.

Note that the semiconductor device according to the
present embodiment can be manufactured by the second
manufacturing method or the third manufacturing method
described in the fourth embodiment.

(Sixth Embodiment)

FIG. 12 is a schematic view depicting the structure of a
semiconductor device according to a sixth embodiment. The
present embodiment is different from the first embodiment in
that an etching stopper film is disposed on an upper side of a
ferroelectric capacitor 131. Other components are basically
the same as those of the first embodiment. Accordingly, in
FIG. 12, the same reference numerals are given to denote the
components same as those in FIG. 3, and the detailed descrip-
tion thereof is omitted.
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As depicted in FIG. 12, in the present embodiment, a
method similar to that of the first embodiment is used to form,
on and in a semiconductor substrate 110, an element isolation
film 111, a transistor T, a stopper layer 120, and a first inter-
layer insulating film 121. After that, the upper surface of the
interlayer insulating film 121 is planarized by the CMP
method, and, thereafter, a TEOS film 126 and a hydrogen
barrier film 127 are formed.

Subsequently, formed on the hydrogen barrier film 127 is a
ferroelectric capacitor 131 constituted of a lower electrode
128a, a ferroelectric film 129, and an upper electrode 130aq.
Thereafter, if needed, an aluminum oxide (Al,0;) film (unil-
lustrated) is formed on the entire upper surface of the semi-
conductor substrate 110, so that the ferroelectric capacitor
131 is covered with the aluminum oxide film.

Thereafter, an interlayer insulating film 311 made of
TEOS-NSG is formed on the entire upper surface of the
semiconductor substrate 110. After that, the surface of the
interlayer insulating film 311 is polished and planarized by
the CMP method. Then, an etching stopper film 312 made of
SiON is formed on this interlayer insulating film 311 to be, for
example, 100 nm in thickness.

Next, a photoresist film is formed on the etching stopper
film 312. Then, this photoresist film is exposed to light and
developed to form an opening in a predetermined position.
After that, the etching is performed by using this photoresist
film as a mask to form a contact hole extending from the upper
surface of the etching stopper film 312 and reaching the high
concentration impurity region 118. Subsequently, the wall
surface of this contact hole is covered with a Ti film and a TiN
film, and the contact hole is filled with W (tungsten) to form
aplug 313 to be electrically connected to the high concentra-
tion impurity region 118. After that, an interlayer insulating
film 314 made of TEOS-NSG is formed on the etching stop-
per film 312 by the plasma CVD method.

Next, the photolithography method and the etching method
are used to form a contact hole extending from the upper
surface of the interlayer insulating film 314 and reaching the
plug 313. Then, the contact hole is filled with W (tungsten) to
form a plug 315 to be electrically connected to the plug 313.
After that, a TiN film (unillustrated) is formed as a barrier
metal on the entire upper surface of the substrate 110.

Next, the photolithography method and the etching method
are used to form a contact hole extending from the upper
surface of the interlayer insulating film 314 and reaching the
upper electrode 130q of the ferroelectric capacitor 131, and a
contact hole extending from the upper surface of the inter-
layer insulating film 314 and reaching the lower electrode
128a of the ferroelectric capacitor 131. Thereafter, an alumi-
num (aluminum alloy) film is formed on the entire upper
surface of the semiconductor substrate 110 and aluminum is
filled in the contact holes. Then, by the photolithography
method and the etching method, the aluminum film is pat-
terned to form a wiring 138 of a first wiring layer.

The processes thereafter are the same as those of the first
embodiment, and the description thereof is omitted here. In
the present embodiment, effects similar to those of the first
embodiment can be also obtained.

FIG. 13 is a schematic view depicting a modified example
of'the sixth embodiment. As depicted in this FIG. 13, an oxide
film with a thickness of 50 to 100 nm may be formed as a cap
layer 351 under the etching stopper film 312. When the inter-
layer insulating film 311 formed on the ferroelectric capacitor
131 is polished by the CMP method, a void (space) is gener-
ated in the interlayer insulating film 311. This may cause
moisture or hydrogen to penetrate into the space, and thus
cause the characteristic of the ferroelectric capacitor 131 to be

15

30

35

40

45

26

deteriorated. As depicted in FIG. 13, the cap layer 351 is
formed on the interlayer insulating film 311 to fill the void,
and, thereafter, the etching stopper film 312 is formed. As a
result, the characteristic of the ferroelectric capacitor 131 can
be more securely prevented from being deteriorated.

In addition, a hydrogen barrier film (unillustrated) may be
formed above the etching stopper film 312. With this, the
penetration of moisture and hydrogen into the ferroelectric
capacitor 131 can be further securely prevented. Thus, the
characteristic of the ferroelectric capacitor 131 can be more
securely prevented from being deteriorated.

(Seventh Embodiment)

FIG. 14 is a schematic view depicting the structure of a
semiconductor device according to a seventh embodiment.
The present embodiment is different from the sixth embodi-
ment in that a TEOS (silicon oxide) film 321 is formed on an
etching stopper film 312. Other components are basically the
same as those of the sixth embodiment. Accordingly, in FIG.
14, the same reference numerals are given to denote the
components same as those in FIG. 12, and the detailed
description thereof is omitted.

In the present embodiment, after an etching stopper film
312 is formed, a TEOS film 321 is formed by the CVD
method to be, for example, 100 nm in thickness on the etching
stopper film 312. Subsequently, by the photolithography
method and the etching method, formed is a contact hole
extending from the upper surface of the TEOS film 321 and
reaching a high concentration impurity region 118. Then, this
contact hole is filled with W (tungsten) to form a plug 313.

Thereafter, an interlayer insulating film 314 made of
TEOS-NSG is formed by the plasma CVD method on the
entire upper surface of a semiconductor substrate 110. After
that, the photolithography method and the etching method are
used to form a contact hole extending from the upper surface
of the interlayer insulating film 314 and reaching the plug
313. Then, this contact hole is filled with W (tungsten) to form
a plug 315 which is electrically connected to the plug 313.

Subsequently, by the photolithography method and the
etching method, formed are a contact hole extending from the
upper surface of the interlayer insulating film 314 and reach-
ing an upper electrode 130a of a ferroelectric capacitor 131
and a contact hole extending from the upper surface of the
interlayer insulating film 314 and reaching a lower electrode
128a of the ferroelectric capacitor 131. Thereafter, an alumi-
num (aluminum alloy) film is formed on the entire upper
surface of the semiconductor substrate 110 and aluminum is
filled into the contact holes. Then, by the photolithography
method and the etching method, the aluminum film is pat-
terned to form a wiring 138 of a first wiring layer.

The processes thereafter are the same as those of the first
embodiment, and the description thereof is omitted here. In
the present embodiment, effects similar to those of the first
embodiment can be also obtained.

FIG. 15 is a schematic view depicting a modified example
of the seventh embodiment. As depicted in this FIG. 15, an
oxide film with the thickness of 50 to 100 nm may be formed
as a cap layer 351 under the etching stopper film 312. With
this, a void which is generated in the interlayer insulating film
311 at the time of the CMP processing can be filled. Accord-
ingly, the characteristic of the ferroelectric capacitor 131 can
be more securely prevented from being deteriorated.

In addition, a hydrogen barrier film (unillustrated) may be
formed above the etching stopper film 312. With this, the
penetration of moisture and hydrogen into the ferroelectric
capacitor 131 can be further securely prevented. Thus, the
characteristic of the ferroelectric capacitor 131 can be more
securely prevented from being deteriorated.
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(Eighth Embodiment)

FIG. 16 is a schematic view depicting the structure of a
semiconductor device according to an eighth embodiment.
The present embodiment is different from the sixth embodi-
ment in that a moisture barrier film 322 made of SiON is
formed on an etching stopper film 312. Other components are
basically the same as those of the sixth embodiment. Accord-
ingly, in FIG. 16, the same reference numerals are given to
denote the components same as those in FIG. 12, and the
detailed description thereof is omitted.

In the present embodiment, after an etching stopper film
312 and a W plug 313 are formed, a SiON film 322 is formed
by the plasma CVD method to be, for example, 100 nm in
thickness on the etching stopper film 312. After that, an inter-
layer insulating film 314 made of TEOS-NSG is formed on
the SiON film 322 by the plasma CVD method.

After that, the photolithography method and the etching
method are used to form a contact hole extending from the
upper surface of the interlayer insulating film 314 and reach-
ing the plug 313. Then, this contact hole is filled with W
(tungsten) to form a plug 315 which is electrically connected
to the plug 313. Thereafter, a TiN film (unillustrated) is
formed as a barrier metal on the entire upper surface of the
substrate 110.

Subsequently, by the photolithography method and the
etching method, formed are a contact hole extending from the
upper surface of the interlayer insulating film 314 and reach-
ing an upper electrode 130qa of a ferroelectric capacitor 131
and a contact hole extending from the upper surface of the
interlayer insulating film 314 and reaching a lower electrode
128a of the ferroelectric capacitor 131. Thereafter, an alumi-
num (aluminum alloy) film is formed on the entire upper
surface of the semiconductor substrate 110 and aluminum is
filled into the contact holes. Then, by the photolithography
method and the etching method, the aluminum film is pat-
terned to form a wiring 138 of a first wiring layer.

The processes thereafter are the same as those of the first
embodiment, and the description thereof is omitted here. In
the present embodiment, effects similar to those of the first
embodiment can be also obtained.

FIG. 17 is a schematic view depicting a modified example
of the eighth embodiment. As depicted in this FIG. 17, an
oxide film with the thickness of 50 to 100 nm may be formed
as a cap layer 351 under the etching stopper film 312. With
this, a void which is generated in the interlayer insulating film
311 at the time of the CMP processing can be filled. Accord-
ingly, the characteristic of the ferroelectric capacitor 131 can
be more securely prevented from being deteriorated.

In addition, a hydrogen barrier film (unillustrated) may be
formed above the etching stopper film 312. With this, the
penetration of moisture and hydrogen into the ferroelectric
capacitor 131 can be further securely prevented. Thus, the
characteristic of the ferroelectric capacitor 131 can be more
securely prevented from being deteriorated.

(Ninth Embodiment)

FIG. 18 is a schematic view depicting the structure of a
semiconductor device according to a ninth embodiment. The
present embodiment is different from the sixth embodiment
in the shape of the cross section of a plug to be connected to
a high concentration impurity region 118. Other components
are basically the same as those of the sixth embodiment.
Accordingly, in FIG. 18, the same reference numerals are
given to denote the components same as those in FIG. 12, and
the detailed description thereof is omitted.

In the present embodiment, after an etching stopper film
312 is formed, a TEOS film 331 is formed on the etching
stopper film 312. Then, an opening is formed in the TEOS
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film 311 by using a method depicted in, for example, FIGS.
8B to 8D. Thereafter, a contact hole extending from the upper
surface of the etching stopper film 312 exposed inside the
opening and reaching the high concentration impurity region
118 is formed, and the contact hole is filled with W (tungsten).
In this manner, a rivet-like W plug 332 with a diameter in an
upper portion being larger than those in other portions is
formed.

Thereafter, an interlayer insulating film 314 made of
TEOS-NSG is formed by the plasma CVD method on the
TEOS film 331. After that, a contact hole extending from the
upper surface of this interlayer insulating film 314 and reach-
ing the plug 332 is formed. Then, this contact hole is filled
with W (tungsten) to form a plug 315 which is electrically
connected to the plug 332.

Subsequently, by the photolithography method and the
etching method, formed are a contact hole extending from the
upper surface of the interlayer insulating film 314 and reach-
ing an upper electrode 130a of a ferroelectric capacitor 131
and a contact hole extending from the upper surface of the
interlayer insulating film 314 and reaching a lower electrode
128a of the ferroelectric capacitor 131. Thereafter, an alumi-
num (aluminum alloy) film is formed on the entire upper
surface of a semiconductor substrate 110 and aluminum is
filled into the contact holes. Then, by the photolithography
method and the etching method, the aluminum film is pat-
terned to form a wiring 138 of a first wiring layer.

The processes thereafter are the same as those of the first
embodiment, and the description thereof is omitted here. In
the present embodiment, effects similar to those of the first
embodiment can be also obtained. Note that the rivet-like W
plug 332 may be formed by the second manufacturing method
or the third manufacturing method described in the fourth
embodiment.

FIG. 19 is a schematic view depicting a modified example
of'the ninth embodiment. As depicted in this FIG. 19, an oxide
film with the thickness of 50 to 100 nm may be formed as a
cap layer 351 under the etching stopper film 312. With this, a
void which is generated in the interlayer insulating film 311 at
the time ofthe CMP processing can be filled. Accordingly, the
characteristic of the ferroelectric capacitor 131 can be more
securely prevented from being deteriorated.

In addition, a hydrogen barrier film (unillustrated) may be
formed above the etching stopper film 312. With this, the
penetration of moisture and hydrogen into the ferroelectric
capacitor 131 can be further securely prevented. Thus, the
characteristic of the ferroelectric capacitor 131 can be more
securely prevented from being deteriorated.

(Tenth Embodiment)

FIG. 20 is a schematic view depicting the structure of a
semiconductor device according to a tenth embodiment. The
present embodiment is different from the ninth embodiment
in that a SiON film 341 is formed on an etching stopper film
312. Other components are basically the same as those of the
ninth embodiment. Accordingly, in FIG. 20, the same refer-
ence numerals are given to denote the components same as
those in FIG. 18, and the detailed description thereof is omit-
ted.

In the present embodiment, after an etching stopper film
312 is formed, a SiON film 341 is formed on the etching
stopper film 312. Subsequently, this SiON film 341 is pro-
cessed by the photolithography method and the etching
method to form, in a predetermined region, an opening in
which the etching stopper film 312 is exposed. Thereafter, by
the photolithography method and the etching method, formed
is a contact hole extending from the upper surface of the
etching stopper film 312 exposed in the opening and reaching
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a high concentration impurity region 118. Then, this contact
hole s filled with W (tungsten) to form a rivet-like W plug 332
with a diameter in an upper portion being larger than those in
other portions.

Thereafter, an interlayer insulating film 314 made of
TEOS-NSG is formed by the plasma CVD method on the
SiON film 341. After that, a contact hole extending from the
upper surface of the interlayer insulating film 314 and reach-
ing a plug 332 is formed. Then, this contact hole is filled with
W (tungsten) to form a plug 315 which is electrically con-
nected to the plug 332.

Subsequently, by the photolithography method and the
etching method, formed are a contact hole extending from the
upper surface of the interlayer insulating film 314 and reach-
ing an upper electrode 130qa of a ferroelectric capacitor 131
and a contact hole extending from the upper surface of the
interlayer insulating film 314 and reaching a lower electrode
128a of the ferroelectric capacitor 131. Thereafter, an alumi-
num (aluminum alloy) film is formed on the entire upper
surface of a semiconductor substrate 110 and aluminum is
filled into the contact holes. Then, by the photolithography
method and the etching method, the aluminum film is pat-
terned to form a wiring 138 of a first wiring layer.

The processes thereafter are the same as those of the first
embodiment, and the description thereof is omitted here. In
the present embodiment, effects similar to those of the first
embodiment can be also obtained.

FIG. 21 is a schematic view depicting a modified example
of'the tenth embodiment. As depicted in this FIG. 21, an oxide
film with the thickness of 50 to 100 nm may be formed as a
cap layer 351 under the etching stopper film 312. With this, a
void which is generated in the interlayer insulating film 311 at
the time ofthe CMP processing can be filled. Accordingly, the
characteristic of the ferroelectric capacitor 131 can be more
securely prevented from being deteriorated.

In addition, a hydrogen barrier film (unillustrated) may be
formed above the etching stopper film 312. With this, the
penetration of moisture and hydrogen into the ferroelectric
capacitor 131 can be further securely prevented. Thus, the
characteristic of the ferroelectric capacitor 131 can be more
securely prevented from being deteriorated.

(Other Embodiments)

In all of the above-described embodiments, it is assumed
that there is no process to cut a hydrogen barrier film (hydro-
gen barrier films 127 and 134), a SiON film (SiON films 125,
135, 221, 271, 322, and 341), and an etching stopper film
(etching stopper films 122 and 312) and these films are
formed on the entire upper surface of a semiconductor sub-
strate. However, as depicted in FIG. 22, these films may be
disposed on a part of the semiconductor substrate. FIG. 22 is
atop view depicting a chip forming region 410 for one chip of
the semiconductor substrate, and 411 denotes a memory cell
forming region, 412 denotes a peripheral circuit region, and
413 denotes a terminal forming region. This FIG. 22 depicts
an example in which a hydrogen barrier film, a SiON film, and
an etching stopper film are formed only in the hatched portion
in the figure, that is, in the memory cell forming region 411.

In addition, as depicted in FIG. 23, a hydrogen barrier film,
a SiON film, and an etching stopper film may be excluded
from a scribe region 320. That is, after these films are formed
on the entire upper surface of a semiconductor substrate by
the CVD method or the like, the films in the scribe region 320
may be removed by etching.
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In addition, in all of the above-described embodiments, the
description is given of a case where the present invention is
applied to a FeRAM having a planer-type ferroelectric
capacitor. However, as a matter of course, the present inven-
tion can be applied to a FeRAM having a stack-type capacitor.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present inventions have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A semiconductor device comprising:

a semiconductor substrate;

a first insulating film formed on the semiconductor sub-
strate;

an etching stopper film formed on the first insulating film;

a second insulating film formed on the etching stopper
film;

a first plug, that is connected to the semiconductor sub-
strate, formed in the first insulating film, the etching
stopper film and the second insulating film;

a capacitor formed on the second insulating film;

a third insulating film formed on the second insulating film
and the capacitor; and

a second plug, that is connected to the first plug, formed in
the third insulating film,

wherein:

the first plug includes a first part located in the first insu-
lating film and the etching stopper film;

the first plug includes a second part located only in the
second insulating film; and

adiameter of the second part is larger than a diameter of the
first part.

2. The semiconductor device according to claim 1, wherein

a thickness of the second insulating film is equal to or less
than 100 nm.

3. The semiconductor device according to claim 1, wherein
the etching stopper film includes any one of insulating mate-
rials selected from a group consisting of silicon oxide nitride,
silicon nitride, aluminum oxide, titanium oxide, zirconium
oxide, magnesium oxide, and MgTiOx.

4. The semiconductor device according to claim 1, wherein
a thickness of the etching stopper film is between 20 nm and
150 nm both inclusive.

5. The semiconductor device according to claim 1, further
comprising a barrier film formed between the etching stopper
film and the capacitor.

6. The semiconductor device according to claim 1, further
comprising a barrier film formed above the capacitor.

7. The semiconductor device according to claim 1, wherein
a thickness of the second part of the first plug is smaller than
a thickness of the first part of the first plug.
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